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Abstract We report measurements of the azimuthal angular
correlation distribution of heavy-quark decay electrons and
open charmed mesons in pp collisions at
√
s = 200 GeV in
the STAR experiment at RHIC. This measurement in combi-
nation with current theoretical model calculations allows to
extract the relative bottom contribution to the heavy-quark
decay electrons, which is important for the interpretation
of the observed strong suppression of the high-pT electron
yield in central Au + Au collisions.
1 Introduction
Measurements at the Relativistic Heavy Ion Collider (RHIC)
at Brookhaven National Laboratory have revealed strong
modification of the jet structure in high-energy nuclear colli-
sions due to the interaction of hard scattered partons with the
hot and dense matter created in these reactions (for a recent
review, see [1]). The study of heavy-quark (charm and bot-
tom) production offers unique opportunities for the investi-
gation of the properties of the QCD matter under extreme
conditions. Heavy quarks are believed to be produced pre-
dominantly in hard scattering processes in the early stage of
the collision [2, 3]. Due to their higher mass, the penetrating
power is much higher for heavy quarks than for light quarks,
providing a sensitive probe of the matter. The energy loss of
heavy quarks in the medium is expected to be smaller com-
pared to light-quarks and gluons due to the mass dependent
suppression of the gluon radiation at small angles, the so-
called dead-cone effect [4, 5].
Charm and bottom quarks are currently identified by as-
suming that isolated electrons in the event stem from semi-
leptonic decays of heavy-quark mesons. At high transverse
momentum (pT), this mechanism of electron production is
dominant enough to reliably subtract other sources of elec-
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trons like conversions from photons and π0 Dalitz decays.
STAR measurements in central Au + Au collisions have
shown that the high-pT yield of electrons from semileptonic
charm and bottom decays is suppressed relative to properly
scaled proton-proton collisions, usually quantified in the nu-
clear modification factor (RAA) [6]. This factor exhibits an
unexpectedly similar amount of suppression as observed for
light-quark hadrons, suggesting substantial energy loss of
heavy quarks in the produced medium. Energy-loss models
incorporating contributions from charm and bottom do not
describe the observed suppression sufficiently well [7, 8].
Although it has been realized that energy loss of heavy
quarks by elastic parton scattering causing collisional en-
ergy loss is probably of comparable importance to energy
loss by gluon radiation [9, 10], the quantitative description
of the suppression is still not satisfying. Furthermore, it has
been shown that fragmentation of heavy quarks into heavy
mesons which are collisionally dissociated, a process that
can happen multiple times in the medium, may be signif-
icant in heavy-ion collisions [11]. Only theoretical models
which include energy loss from charm alone describe the
observed suppression reasonably well [8].
Recent calculations of heavy-flavor production in pp
collisions at Fixed-Order plus Next-to-Leading Logarithm
(FONLL) level have shown that the bottom contribution
to the heavy-quark decay electrons (so-called non-photonic
electrons) is significant at intermediate pT (4–5 GeV/c) al-
though the uncertainties are relatively large [12]. Since both
D and B decays contribute to the non-photonic electrons,
these relative contributions have to be determined experi-
mentally.
In this contribution, measurements of azimuthal angu-
lar correlations of heavy-quark decay electrons and open
charmed mesons in pp collisions at
√
s = 200 GeV are
presented, which yield important information about the un-
derlying production mechanism. Requiring e–D0 coinci-
dence in the same event significantly improves the signal-
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to-background ratio over either technique individually. The
shape of the azimuthal correlation distribution provides a
more differential comparison between the charm and bot-
tom contributions due to their different decay kinematics.
2 Data analysis
The pp data used for this analysis were recorded at
√
s =
200 GeV by the STAR Time Projection Chamber (TPC) [13]
and the barrel electromagnetic calorimeter (BEMC) [14] in
Run VI. The TPC identifies charged particles through their
ionization energy loss and provides precise tracking in a
magnetic field of 0.5 T over a large kinematical range (|η| ≤
1.8 with full azimuthal symmetry) with very good momen-
tum resolution. The BEMC is a lead-scintillator sampling
calorimeter with a radiation length of 21X0 and an energy
resolution of δE/E ≈ 16%/√E. The calorimeter, situated
behind the TPC, is divided into 4800 tower cells and covers
an acceptance of |η| < 1 and full azimuth. Inside the BEMC,
at a depth of ∼5.6X0, is a shower maximum detector (SMD)
which consists of two layers of gas wire pad chambers. The
SMD provides measurements of the profile of electromag-
netic showers and the position of the shower maximum with
high resolution ((η,φ) = (0.007,0.007)). The BEMC
served as a leading electron or photon trigger to study high-
pT particle production. The integrated luminosity sampled
by the BEMC high-tower trigger is 11 pb−1 by applying an
energy threshold of ET = 5.4 GeV for the highest energy in
a BEMC cell.
Electrons are identified by combining the information
from the TPC (particle momentum and ionization energy
loss (dE/dx)) and the BEMC (cell energy). In contrast
to hadrons, electrons deposit most of their energy in the
BEMC cells. A cut on the shower profile size combined
with a requirement on the ratio momentum-to-cell energy,
0 < p/E < 2, rejects a large amount of hadrons. The final
electron sample is obtained by applying a momentum de-
pendent cut on the ionization energy loss within the range
3.5 < dE/dx < 5.0 keV/cm to optimize the electron effi-
ciency and hadron rejection (hadron suppression factor is
105 at pT = 2 GeV/c and 103 at pT = 7 GeV/c). The mea-
sured electrons have two main contributions: One is from
heavy-flavor decays, the other from photon conversions in
the detector material between the interaction point and the
TPC (X/X0 ∼ 4.5%) and π0 and η Dalitz decays. The lat-
ter is typically called “photonic electrons”. These photonic
electrons are identified statistically and rejected based on the
invariant mass method [6].
Open charmed mesons are reconstructed via their hadro-
nic decay D0 → K−π+ (BR = 3.89% [15]) by calculating
the invariant mass of all oppositely charged TPC track of
particles in the same event. The negative track of particles
have to fulfill a dE/dx cut of ±3σ around the expected
kaon band to enhance the kaon candidate probability. In this
analysis, only events with a non-photonic electron trigger
are used for the D0 reconstruction, which suppresses sig-
nificantly the combinatorial background of random pairs.
Furthermore, the kaon candidates have to have the same
charge sign as the non-photonic electrons (called like-sign
electron−kaon pairs). The resulting invariant mass distribu-
tion of K and π pairs shows a pronounced D0 peak around
the expected value. The invariant mass distribution with-
out a non-photonic electron trigger does not have a D0 sig-
nal for the applied track quality cuts. Consequently, the re-
quirement of a non-photonic electron trigger suppresses the
combinatorial background significantly, leading to a signal-
to-background ratio of ∼14% and a signal significance of
∼3.7 [16].
3 Results and discussion
The invariant mass distribution of K and π pairs is obtained
for different φ bins with respect to the trigger electron,
and the yield of the associated D0 mesons is extracted as the
area underneath a Gaussian fit to the signal. Figure 3.1 (left
panel) shows the azimuthal angular correlation distribution
of non-photonic electrons and D0 mesons, which exhibits
a near- and away-side correlation peak with similar yields.
In the following, we imply electron−D0 and positron−D0
pairs when using e–D0.
The data are compared to results from PYTHIA and
MC@NLO simulations [17]. The observed away-side cor-
relation peak can be attributed to prompt charm pair produc-
tion (∼75%) and B decays (∼25%), whereas the near-side
peak, by contrast, represents essentially contributions from
B decays.
The relative bottom contribution to the non-photonic
electrons (B/(B + D)) has been extracted using two ap-
proaches. Firstly, by requiring like-sign e–K pairs which
selects bottom on the near-side and charm on the away-side
(cf. Fig. 3.2). The relative bottom contribution is found to be
0.57±0.23 and 0.52±0.22 for the PYTHIA and MC@NLO
simulations, respectively. Secondly, the relative bottom con-
tribution is determined from the measured D0 yields on
the away-side which selects charm for like-sign e–K pairs
and bottom for unlike-sign e–K pairs (cf. Fig. 3.2). The
B/(B + D) ratio is 0.43 ± 0.23. The results, summarized
in Fig. 3.1 (right panel), agree with measurements of the az-
imuthal angular correlations of non-photonic electrons and
charged hadrons [18]. Moreover, the data show agreement
with the FONLL calculation within the model uncertain-
ties [12].
In summary, heavy quarks are identified and separated on
a statistical basis through their characteristic decay topology
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Fig. 3.1 (Color online) Left panel: Azimuthal angular correlation dis-
tribution of non-photonic electrons and D0 mesons (for like-sign e–K
pairs) in pp reactions at √s = 200 GeV. The green boxes indicate the
systematic uncertainties. The black/solid (blue/dashed) histogram is
the result from PYTHIA (MC@NLO) simulations fitted to the data.
Right panel: Relative bottom contribution to the non-photonic electron
yield derived from different fits to the e–D0 azimuthal correlation dis-
tribution (red symbols). The data are compared to e-hadron correlations
(blue symbols) and to the uncertainty band from a FONLL calculation
(green curves). The yellow boxes depict the systematic uncertainties
Fig. 3.2 Azimuthal angular correlation function of electrons and D0
mesons from charm (solid curve) and bottom decays (dashed curve)
generated in PYTHIA simulations of 200 GeV pp reactions requir-
ing like-sign (left panel) and unlike-sign e–K pairs (right panel). The
transverse momentum of the trigger electrons is 3 < pT < 7 GeV/c.
For details see [17]
using azimuthal angular correlation of non-photonic elec-
trons and identified D0 mesons. The relative bottom contri-
bution to the non-photonic electrons in 200 GeV pp colli-
sions has been extracted using different methods. The data,
which are in agreement with results from e-hadron correla-
tion measurements from STAR and recent FONLL calcula-
tions, indicate that bottom decay yields are of comparable
magnitude at and above ∼4 GeV/c.
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